Purpose Pegylated interferon (Peg-IFN)-based therapy is effective in treating chronic hepatitis B (CHB) and C (CHC) but frequently induces adverse events (AEs). This study was conducted to compare the incidence of Peg-IFNbased therapy-associated AEs in Taiwanese patients with CHB and CHC. Methods Fifty-six patients with CHB and 103 age-, sexand treatment duration-matched patients with CHC were enrolled. Patients with CHB were treated with Peg-IFN-a2a 180 lg/week for 24 weeks (HBeAg ? , n = 31) or 48 weeks (HBeAg -, n = 25); patients with CHC were treated with Peg-IFN-a-2a 180 lg/week plus ribavirin 1,000-1,200 mg/day for 24 weeks (genotype 2/3, n = 57) or 48 weeks (genotype 1, n = 46).
Introduction
Infections with hepatitis B virus (HBV) or hepatitis C virus (HCV) are two clinically distinct but related diseases and chronic infection with HBV and HCV is a major global health issue. Chronic hepatitis B (CHB) and chronic hepatitis C (CHC) are the leading causes of chronic liver disease, cirrhosis, and hepatocellular carcinoma worldwide [1] . The current standard therapy for patients with CHC, treatment with interferon (IFN)-based therapy, is associated with varying degrees of early and late adverse events (AEs) such as fatigue, myalgia, flulike symptoms, or dermatologic, hematologic, gastrointestinal, ophthalmologic, and thyroid dysfunction, and alternations in mood [2] [3] [4] [5] .
AEs associated with treatment are critical factors in the decision to initiate and maintain therapy, and premature discontinuation of therapy may reflect the impact of treatment-related AEs on therapy. Once-weekly treatment with pegylated IFN (Peg-IFN) has been associated with a significantly reduced incidence of AEs compared with conventional IFN for patients with CHC [2] .
Approved agents for the treatment of CHB fall into two categories: (1) immunomodulatory therapies, i.e., based on IFN, and (2) antiviral agents (nucleoside analogs). Based on the results of the extensive clinical development programs of Peg-IFN in patients with CHB [6] [7] [8] , this drug is now approved for the treatment of both HBeAg-seropositive and HBeAg-seronegative forms of CHB.
A comparison of the safety data from the clinical study of Peg-IFN-based therapy in CHB and CHC provides a unique opportunity to investigate the effects of this treatment in patient populations with two distinct but related diseases and to better understand whether differences exist in how this regimen affects the incidence of AEs. Comparison of AEs in patients with CHB or CHC treated with Peg-IFN-a-2a has been reported in pooled data from different racial groups (North American compared with Asian patients) [9] .
In Taiwan, HBV and HCV infections are endemic and are the most important agents of chronic liver disease [10, 11] . Whether the intensity and frequency of AEs are similar between Taiwanese patients with CHB and CHC who receive Peg-IFN-based therapy remain unclear. In this prospective study, we aimed to evaluate the incidence and intensity of AEs in Taiwanese patients with CHB treated with Peg-IFN and compare with Taiwanese patients with CHC patients treated with Peg-IFN plus ribavirin combination therapy.
Methods
Eligible Taiwanese patients, aged 18-65 years, were treatment-naïve, with biopsy-proven CHB or CHC.
Patients were (1) seropositive for hepatitis B surface antigen (enzyme immunoassay, Abbott Laboratories, North Chicago, IL) and HBV DNA by polymerase chain reaction (PCR) C100,000 copies/mL for patients positive for hepatitis B e antigen (HBeAg) or C10,000 copies/mL for those negative for HBeAg; or (2) seropositive for HCV antibodies (third-generation, enzyme immunoassay, Abbott Laboratories, North Chicago, IL) and HCV RNA by PCR (Cobas Amplicor Hepatitis C Virus Test, version 2.0; Roche Diagnostics, Branchburg, NJ; detection limit: 50 IU/ mL). Patients with HIV infection, autoimmune hepatitis, primary biliary cirrhosis, sclerosing cholangitis, Wilson disease, a 1 -antitrypsin deficiency, decompensated cirrhosis, overt hepatic failure, a current or past history of alcohol abuse, psychiatric conditions, previous liver transplantation, or evidence of hepatocellular carcinoma were excluded. Other eligibility criteria included neutrophil count C 1,500 mm -3 , platelet count C 90,000 mm -3 , hemoglobin level C 12 g/dL for men and 11 g/dL for women, serum creatinine level \ 1.5 mg/dL, no pregnancy or lactation, and the use of a reliable method of contraception. The present study was approved by the ethics committee of Kaohsiung Medical University Hospital.
Patients with CHB who fulfilled the inclusion criteria were assigned a treatment protocol of Peg-IFN-a-2a 180 lg/week (Pegasys, Roche, Basel, Switzerland) for 24 weeks for HBeAg ? patients (n = 31) or 48 weeks for HBeAg -patients (n = 25). Patients with CHC who fulfilled the inclusion criteria were assigned a treatment protocol of Peg-IFN-a-2a 180 lg/week plus oral ribavirin 1,000 mg/day for body weight B 75 kg and 1,200 mg/day for body weight [ 75 kg for 24 weeks for genotype 2/3 patients (n = 57) or 48 weeks for genotype 1 patients (n = 46). All patients were monitored for further 24 weeks after termination of treatment. They had biweekly outpatient visits during the first month and monthly visits during the rest of the treatment period and the 24-week follow-up period. At each visit, a complete physical examination was performed and AEs were recorded.
An AE was defined as any change from the patient's pretreatment baseline condition, including an intercurrent illness that occurred during the clinical course of this study after treatment had started and up to 24 weeks after the end of treatment, regardless of whether or not the investigator considered it related to Peg-IFN-a-2a treatment. A serious AE (SAE) was defined as any event that was fatal or lifethreatening, required inpatient hospitalization or prolonged hospitalization, resulted in persistent or significant disability, or was a congenital anomaly or birth defect.
Values are expressed as mean ± SD and group means were compared using the Student's t test. Frequency was compared between groups using the v 2 test with the Yates correction or Fisher exact test. All of the statistical tests were two-tailed and P \ 0.05 was considered statistically significant. All procedures were performed using the SPSS for Windows version 12 (SPSS Inc, Chicago, IL).
Results
The baseline characteristics were similar between patients with CHB and patients with CHC, including body weight, histopathology, and baseline viral load ( Table 1) .
Most of our patients experienced constitutional reactions (Table 2) , including fever and flulike syndrome, which mainly developed during the early stage of treatment. During the first 24 weeks of treatment, compared with CHB patients, the CHC patients had significantly higher rates of oral symptoms (including oral ulcers/dry mouth), gastrointestinal symptoms (including nausea/vomiting, anorexia, and diarrhea/constipation), visual disturbances (blurred vision), neuropsychiatric syndrome (including anxiety, depression, insomnia, and neurologic syndrome), alopecia, palpitations, skin manifestations (including skin erythematous change, skin itching and dry sensation), and breathlessness. For patients receiving 48 weeks of treatment, compared with CHB patients, the CHC patients had significantly higher rates of visual disturbances with blurred vision, neuropsychiatric syndrome, alopecia, palpitations, and breathlessness ( Table 2) . Most of the patients experienced gastrointestinal symptoms after fourth week of treatment. Visual disturbances, alopecia, and neuropsychiatric symptoms including anxiety, depression, insomnia, and neurologic syndrome were observed mainly in the middle or late period of treatment ( Fig. 1 ). Ribavirinassociated skin manifestations and breathlessness were more apparent after the fourth week of therapy (Fig. 2) .
During the first 24 weeks of treatment, CHC patients had a significant drop in body weight (P \ 0.0001), hemoglobin concentration (P \ 0.0001), white blood cell counts (P = 0.011), and platelet counts (P = 0.002) (Table 3 ). In patient groups with 48 weeks of treatment, CHC patients had significant drops in body weight and hemoglobin concentration compared with CHB patients (P \ 0.0001, P \ 0.0001, respectively; Table 3 ). As shown in Table 4 , Peg-IFN-associated laboratory abnormalities were comparable in the two patient groups, with either 24 or 48 weeks of treatment. However, CHC patients, after either 24 or 48 weeks of treatment, had a significantly higher rate of anemia (P \ 0.0001, P = 0.001, respectively). No overt hepatic decompensation developed among either group of patients during treatment and follow-up period.
The frequency of dose reduction was similar between the two groups. CHC patients tended to have a substantially higher rate of early termination and SAEs than did CHB patients with either 24 or 48 weeks of treatment. However, the difference did not reach significance (Table 5) . Eight patients in the CHB group had a dose reduction or early termination, five due to AEs and three due to laboratory abnormalities. Thirteen patients in the CHC group had a dose reduction or early termination, all due to AEs. The only SAE found in the CHB group was ileus, whereas seven patients in the CHC group had SAEs due to a traffic accident, breathlessness, severe gastrointestinal bleeding, cellulitis (n = 2), syncope, and gallbladder stones complicating cholecystitis.
Discussion
Peg-IFN and ribavirin combination therapy for CHC led to considerable side effects that were dominated by constitutional symptoms (headache, myalgia, fever, and flulike symptoms), hematologic abnormalities, and neuropsychiatric symptoms [12] [13] [14] [15] [16] ; Peg-IFN therapy for CHB yielded an AE profile similar to that for CHC [17] [18] [19] . These recent studies in patients with HBeAg
-and HBeAg ? CHB demonstrated that Peg-IFN-a-2a was well tolerated in these patients, with no unexpected AEs [8, 20] .
An analysis of pooled data for comparison of AEs in patients with CHB versus CHC treated with IFN-based therapy in different ethnic groups (Northern Americans vs Asian patients) suggests that Peg-IFN-a-2a may be better tolerated in patients with CHB compared with those with CHC [9] . But this comparative analysis is purely observational and has several limitations, such as the ethnic differences. In Taiwan, HBV and HCV are endemic and are acquired via different modes of transmission. Most patients with CHB tend to acquire the infection early in life, usually perinatally, whereas many patients with CHC acquire the infection as young adults [10, 11] . The comparison of the safety data from the clinical practice of Peg-IFN-based therapy in CHB and CHC provides a unique opportunity to investigate the effects of this treatment in a Taiwanese patient population with two distinct but related diseases. Most of our patients with CHB and CHC experienced constitutional reactions, starting early in the therapy. The incidences of fever and flulike syndrome were similar to those reported previously [8, 16, [20] [21] [22] . The severity of these symptoms is mild and dose-related and tends to Oral symptoms, gastrointestinal symptoms, alopecia, and neuropsychiatric events occurred more frequently in CHC patients treated with Peg-IFN/ribavirin than in CHB patients treated with Peg-IFN therapy during the first 24 weeks of therapy. Skin manifestations and breathlessness were also significantly more frequent in patients with CHC than in those with CHB during the first 24 weeks of treatment. In the patients treated for 48 weeks, those with CHC had significantly more AEs, including palpitations, blurred visions, neuropsychiatric events, alopecia, and breathlessness, than patients with CHB. In all cases of our study, gastrointestinal symptoms appeared within 3 months of initiation of therapy and resolved rapidly with cessation of therapy.
Our analysis was consistent with the report by Marcellin and colleagues [9] : the frequency of depression-related events was lower in CHB patients than CHC patients (4 vs. 22%, P \ 0.001). In our study, an apparently lower rate of neuropsychiatric-related AEs was also observed in CHB patients (P \ 0.0001 * P = 0.003). Neuropsychiatric events including suicide, depression, relapse of drug addiction, and aggressive behavior have been reported in patients with and without previous psychiatric disorders during Peg-IFN therapy [23] . The etiology of IFN-induced depression may derive, at least in part, from the antiserotonergic effects of IFN. Increased depressive symptomatology during IFN therapy has been related to the depletion of serotonin. Discontinuation of therapy is recommended for those with severe depression, suicidal ideation or aggressive behavior [24] . In our patients' groups, most of the neuropsychiatric events were mild and could be relieved with a serotonin uptake inhibitor and nursing or psychiatric consultations. The reasons for the lower rate of depression-related events in patients with CHB are unknown but may include host susceptibility factors or viral factors, such as the ability of HCV to infect the nervous system. There is enough evidence showing that culture and ethnic background are associated with health disparities. In the study of Marcellin and colleagues [9] , a higher incidence of depression-related events was reported in Caucasian patients compared with Asian patients in both CHB and CHC studies, which is consistent with research that shows depression to be sensitive to cultural influences [25] , and it is also conceivable that ethnic origin may also affect how well a drug is tolerated [9] . Evidence from psychometric studies and magnetic resonance spectroscopy suggests that central nervous system involvement of HCV infection might explain some of the fatigue, depression/ anxiety and impaired health-related quality of life (HRQL) in patients with CHC [25, 26] . Depression is known to play an important role in the impaired HRQL of CHC patients and is a known side effect of antiviral CHC treatment [26] . In addition, mood disorders such as anxiety and depression are thought to contribute to other cognitive impairments commonly reported during interferon-based treatment, such as difficulty in thinking and concentration [27] . The contribution of nonliver, co-morbid factors (substance abuse, depression, interferon treatment) to the prevalence and magnitude of impaired cognitive function in patients with CHC may be substantial [26] . A recent study in patients with CHC has suggested a direct role of interferon response genes in generating depression during therapy [28] . Evidences from these studies may explain, at least in part, why AEs were more common in patients with CHC.
Compared with patients with CHB receiving Peg-IFN therapy, body weight loss was more severe in patients with CHC treated with Peg-IFN/ribavirin combination therapy (6 vs. 3% body weight loss). This may due to more frequent incidences of gastrointestinal symptoms, neuropsychiatric syndrome, and ribavirin-associated skin manifestations, and breathlessness in patients with CHC.
The amplitudes of decreases in hemoglobin and white blood cell and thrombocyte counts were significantly greater in CHC patients than in CHB patients with the 24-week treatment regimen. The frequencies of development of anemia were also significantly higher in CHC patients than in CHB patients with either 24 or 48 weeks of treatment. Peg-IFN causes mild bone marrow depression with a temporary decrease in neutrophil, leukocyte, and platelet counts in Peg-IFN-based treatment in both CHB and CHC patients [17] . The development of neutropenia and thrombocytopenia did not differ after Peg-IFN therapy among CHB and CHC patients. Rapid decreases in neutrophil counts may be seen in the first 2 weeks of initiation of therapy and usually stabilize over the next 4 weeks as steady-state concentrations of Peg-IFN are achieved. Neutrophil counts rapidly return to baseline after cessation of therapy. Neutropenia (\1.5 9 10 9 L -1 ) is reported to be the most common reason for dose reduction of Peg-IFN. The incidence of dose reduction for neutropenia was 18% in the Peg-IFN group and 8% in the standard IFN group [2] . However, as in our previous report, neutropenia was not associated with bacterial infection. With closely monitoring, patients could be treated safely [29] .
In previous studies, during combination therapy, hemoglobin levels decreased in the first 2-4 weeks of therapy, with a mean maximal decrease of *3 g/dL [12, 30, 31] . In our analysis, the incidence of anemia showed the greatest difference between CHB and CHC patients treated with Peg-IFN-based therapy (1.8 vs. 31.1%, respectively) and the hemoglobin concentration decreased markedly by 4.26 g/dL in the CHC group. The main reason for anemia may be associated with ribavirin combination therapy. Ribavirin causes a dose-dependent and reversible hemolytic anemia. The bone marrow-suppressive effect of IFN also contributes to the anemia [32] .
The rates of thyroid dysfunction (hyperthyroidism or hypothyroidism) were comparable in both CHB and CHC patients with either the 24-or 48-week regimen (Table 4) . The incidence of thyroid dysfunction in our study (8.0-15.2%) seemed to be higher than the mean incidence (*6%; hyperthyroidism in 1%, hypothyroidism in 5%) indicated in a previous report [33] . Asian descent, female gender, positive pretreatment test for the presence of thyroid microsomal antibody, and age older than 60 are associated with an increased risk of thyroid dysfunction in patients with chronic HCV who receive IFN treatment [34, 35] .
In our analysis, ALT flares [[10 9 upper limit of normal (ULN)] were similar in both groups of patients with CHB and CHC. As in previous reports [36, 37] , wherein flares in ALT are uncommon in CHC patients, they are more frequent in patients with CHB and this is reflected in the higher frequency of dose modifications in CHB. Dose modification was recommended if the ALT levels were [10 9 ULN and approximately half of all CHB patients with ALT [ 10 9 ULN were managed by dose modification. ALT flares in other studies on CHB were associated with hepatic decompensation [38] , but this did not happen in our patients. No overt hepatic decompensation occurred in either the CHB or CHC group, demonstrating that Peg-IFN-based therapy is safe for treating patients with either disease.
Although the incidences of dose reduction, early termination, and SAEs were similar in patients with CHB and CHC, Peg-IFN-based therapy tended to cause a higher frequency of early termination and SAEs in CHC patients compared with CHB patients. In a study for evaluating clinical practice data on safety and efficacy of HCV treatment with Peg-IFN in combination with ribavirin over 24 and 48 weeks, the safety profile was similar and showed the highest incidence of AEs in the first 12 weeks of treatment [39] . In another randomized controlled trial [22] comparing the efficacy and safety of Peg-IFN-a-2a 135 lg/ week, Peg-IFN-a-2a 180 lg/week, and IFN-a-2a in patients with CHC, the overall safety profiles were similar for the three different treatments. According to our analysis, we agree with these previous reports [22, 39] that the dosage and duration of IFN therapy seem to have no significant effect on the safety profile.
The combination with ribavirin might be responsible for the additive incidences of AEs, at least in part. Although the Peg-IFNs are the primary drugs used to treat CHC, ribavirin may be effective in treating CHC by affecting the virus or the host, e.g., by inducing viral mutations, blocking cellular enzymes, or affecting the host immune response [40] . A combination with ribavirin is more effective than Peg-IFN alone. Ribavirin-associated AEs may be decreased, reducing the ribavirin dose and maintaining the hematocrit level.
In conclusion, Peg-IFN for Taiwanese patients with CHB caused fewer and less intense AEs than Peg-IFN/ ribavirin combination therapy for Taiwanese patients with CHC, even for common Peg-IFN-related AEs. The overall lower rate of common Peg-IFN-related AEs, and especially, the significantly lower rate of neuropsychiatricrelated AEs, may be an important consideration for physicians when selecting the most appropriate treatment regimen for their patients with CHB. Combination with ribavirin may contribute to the increased incidences of Peg-IFN-based therapy-associated AEs. However, most AEs occurring with combination therapy can be anticipated and managed appropriately; therefore, premature discontinuation of therapy because of the development of AEs is not required in most patients. Combination with ribavirin is more effective than Peg-IFN alone. Treatment of patients with CHC and CHB should be tailored to individual patients with considerations of Peg-IFN-related and ribavirin-associated AEs. With close monitoring, Peg-IFNbased therapy is safe for treating patients with either CHB or CHC.
